Rhabdomyolysis is a potentially lethal syndrome with a wide range of metabolic and clinical aspects. It is caused by skeletal muscle injury that results in the release of myoglobin and other cellular contents into the circulatory system. 1 Multiple factors predispose someone to this illness. Preventive measures can avoid the onset of this syndrome, and a timely diagnosis and proper management can avert life-threatening complications. This report describes a case of exertional rhabdomyolysis in a patient who sought treatment for bilateral leg pain.
injected, his oral mucosa was dry, his lungs were clear to auscultation, and his heart sounds were normal. There was no lymphadenopathy, and findings of the abdominal examination were benign. He had considerable pain, swelling, and tenseness over the quadriceps muscle compartment that kept him from flexing at his knee or being able to bear weight. His peripheral pulses were palpable and his neurologic findings were unremarkable. A laboratory analysis showed a creatine phosphokinase (CPK) of 213,700 UIL, which was repeated for verification. A urinalysis of a dark-colored specimen showed blood (3 +) (free hemoglobin or myoglobin), no bacteria, no red blood cells, no urobilinogen, pH 6.5, and a urine myoglobin of >2500 ng/mL. Other pertinent laboratory results at admission were as follows: serum alanine aminotransferase (AL T) 490 UIL, serum aspartate aminotransferase (AST) 2560 UIL, lactate dehydrogenase 3450 UIL, sodium 139 mEqlL, potassium 4.3 mEqlL, blood urea nitrogen 11 mg/dL, creatinine 0.7 mg/dL, glucose 100 mg/dL, calcium 9.0 mg/ dL, and phosphorus 3.8 mg/dL (Table 1) .
Rhabdomyolysis was suspected, and vigorous intravenous forced diuresis was initiated before he was transferred to a regular medical floor. His urine was alkalinized by adding 1 ampule of sodium bicarbonate (NaHC03) to each liter of 0.9% sodium chloride (NaCl). Throughout the 7-day hospitalization, serial CPK levels were measured, and electrolytes, calcium, and phosphate remained within normal limits. Blood in the urine was used as a surrogate marker for myoglobin. By the seventh day of admission the total CPK dropped to 1806 UIL, his electrolytes remained stable, and his myoglobinuria resolved, as did his previously elevated liver enzyme levels.
Physical therapy was initiated on the third day of admission. On a daily basis the patient underwent range of motion exercises on his lower extremities and was subjected to weight-bearing exercises. On discharge from the hospital, he was able to bear his full weight and perform knee flexion to 115 degrees. Two weeks after discharge he was doing well and received a forearm ischemic test and a muscle biopsy, the results of which were within normal limits. This forearm ischemic test is done by acquiring baseline serum lactic acid and ammonia levels from the antecubital vein. Subsequently, a sphygmomanometer cuff around the upper arm is inflated to >200 mm Hg. This pressure is greater than the systolic pressure, thus creating an ischemic condition at which time that forearm will be fatigued by hand-grip exercises. The cuff is removed and serial lactic acid and ammonia levels are measured. 2 If there is minimal or no rise in the lactic acid level, then McArdle disease (myophosphorylase deficiency) can be diagnosed. If the ammonia levels also show slow or no rise, then myoadenylate deaminase deficiency can be diagnosed.
Discussion
This patient manifested a case of acute exertional rhabdomyolysis. According to the National Center for Health Statistics, approximately 26,000 reported cases of rhabdomyolysis are reported yearly in the United States. 3 The following factors are included in a relatively long list of causes of rhabdomyolysis: (1) direct injury to skeletal muscle, as from trauma, burns, infections, influenza, coxsackievirus, and toxins such as alcohol; (2) decreased oxygen delivery to skeletal muscle, as from carbon monoxide poisoning, compression syndrome, and arterial occlusion; (3) increased energy consumption, as from extreme exertion, malignant hyperthermia, heat stroke, and such drugs as cocaine and amphetamines; and (4) decreased energy storage and utilization, as from diabetic ketoacidosis, nonketotic hyperosmolar coma, myoedema, and hypothermia. 4 The clinical course of rhabdomyolysis will vary depending on the underlying cause. Early recognition is important so that severe complications, such as renal failure, electrolyte abnormalities, disseminated intravascular coagulation, and compartment compression syndrome, can be prevented.
1 Acute renal failure complicates up to 15 % of cases of rhabdomyolysis. 5 The release of large amounts of myoglobin has been implicated in the development of acute tubular necrosis and ultimately renal failure, although there is no statistical correlation between level of serum CPK and serum or urine myoglobin. 6 Urine alkalinization and forced diuresis will prevent tubular pigment reabsorption, helping to preserve renal function and also prevent other life-threatening complications. In one study of exercise-induced rhabdomyolysis, no patients developed acute renal failure after forced bicarbonate diuresis within the first 6 hours of admission. 7 Within the first 24 hours of admission, this patient received 10 L of 0.9% sodium chloride, each liter containing 1 ampule of sodium bicarbonate to achieve appropriate urine alkalinity (pH >6.5) and forced diuresis. If fluid loading is not sufficient to achieve diuresis, an intravenous dose of either furosemide (40 mg.) or mannitol (25 g) may be used as an adjuvant to assist with urine output. Severe hyperkalemia secondary to the massive injury to skeletal muscle and subsequent leakage of potassium into the circulation is also a potential complication. Toxicity can be potentiated by the release of large amounts of phosphates from the muscle cell, causing a relative hypocalcemia. Serum calcium and phosphorus levels should be measured on a daily basis. Hepatic dysfunction occurs in approximately 25% of patients with rhabdomyolysis.8 Proteases released from injured muscle might be implicated in this hepatic derangement, which is reversible. The pathogenesis is not well-defined and might be multifactored. 8 Compartment syndrome of the thigh is believed to be rare because the thigh has a large potential space to allow for swelling and increased interstitial pressure before circulation is endangered. 9 Clinical signs of this syndrome are swelling, tenseness, and pain. Nerve deficits, mainly sensory, are more important findings in compartment syndrome. In our case, the patient had considerable pain and swelling but no neurologic abnormalities. Peripheral pulses can still be palpated in this syndrome because compartment pressures might not be high enough to occlude major arteries. The clinical examination is sufficient to diagnose compartment syndrome in a patient who is awake and cooperative, and this syndrome was excluded in this patient. When the classic signs and symptoms are unobtainable in patients who are unconscious or not able to cooperate (ie, due to mental illness) with the physical examination, quantitative measurements of compartment pressures assume an increasingly important diagnostic role. 10 Measuring compartment pressures involves placing a catheter into the compartment and connecting it to a pressure monitor. Decompressive fasciotomy should be considered for pressures > 30 mm Hg.1O In this case, fasciotomy was not indicated. There are several measures to prevent the recurrence of acute exertional rhabdomyolysis. This patient had no history of alcohol abuse, and the amount he consumed was unlikely to have played a role in his condition. Even so, however, he was advised to eliminate alcohol consumption, especially during an exercise program. Rhabdomyolysis resulting from alcohol consumption usually occurs in chronic alcoholics who have episodes of extreme drinking. Metabolic myopathies place persons at high risk of recurrence. Ischemic forearm testing, which has shown to be an invaluable tool for screening of patients with exercise-related muscular complaints, 2 should be performed to rule out glycogen storage diseases and myoadenylate deaminase deficiency. This patient did not exercise regularly and engaged in a rigorous physical activity, which ultimately caused this condition. Prevention of rhabdomyolysis is prudent. Patient education and teaching a proper exercise program that gradually increases the intensity of the workout, along with appropriate hydration before, during, and after exercise, are likely the most important measures. In addition, strenuous physical activity in hot, humid climates and alcohol consumption should be avoided. In the setting of rhabdomyolysis, appropriate patient evaluation and care are vital to avoid potentially lethal complications (Table 2) . Management must involve attempting to preserve renal function. Hydration, forced diuresis, and electrolyte monitoring are essential.
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